INTRODUCTION
Breast cancer (BC) is one of the leading causes of death of women worldwide and is listed as a serious problem in public health [1] [2] . Breast cancers mostly may include two hystotypes: invasive type such as infiltrating ductal carcinoma (IDC) and non-invasive type, as Ductal Carcinoma in-situ (DCIS) [3] . The first one cause inflammatory breast cancer that is characterized by its fast and aggressive behavior and the patients have a 43% increased of risk of death. However, despite clinical differences, these cancers shared certain similarities and plasma membrane proteins are one them [4] . Therefore, these molecules serve as targets in 70% of cancer therapies at clinical and experimental level [5] . Thus, identification and study of new molecules associated to BC can aid to early diagnosis and enhance new therapeutics.
Heat shock proteins (Hsps) are molecular chaperones that may modifying the structures and interactions of other proteins [6] . They shift the balance from denatured, aggregated protein conformation toward ordered, functional conformation, and are particularly in demand when proteins are disordered by heat shock, oxidative stress, or other protein-damaging events [7] [8] [9] , intervening both co-translationally and posttranslationally, at the same time as improve cell life to such stress factors [10] .
Few works focus in the association between Hsps and BC. But recently studies show that HSP27, HSP90 Y HSP70 can contribute in the establishing and progression of this pathology [11] [12] [13] [14] [15] . Regarding the HSP70 family, eight members have been identified with a high structural and functional homology but with http://www.ijcb.in different intracellular localizations [16] . Nevertheless, during cell stress Hsps go to extracellular milieu, existing as free proteins or anchor in the plasma membrane in the context of cholesterol-rich microdomains (lipid rafts) [17] [18] . Gabriele Multhoff et al. in 1995 made the first report of the selective expression of a form of Hsp70 on the plasma membrane of solid tumor cells-but not normal tissue-since then, we know that Hsp70 family is highly expressed on metastatic disease and is associated with both poor prognosis and low survival [19] [20] [21] . This is an important reason why membrane Hsp70 expression is consider as a universal, selective tumor-specific marker of aggressive disease [7] . In cancer the ATPase domain of Hsp70 is localized outside the plasma membrane [22] but until now how does it works at molecular level during disease is not well understood. A most recent research found that Hsp70 isoform 2 is over expressed in BC patients and involved in malignant properties, by which it may be potential candidate molecule for development of better BC treatment [23] .
Due to the above, this paper evaluates the immunogenic capacity of the ATPase domain of Hsp70-2 as a possible inductor of the immune response promoted by B lymphocytes and T lymphocytes, using for this the in silico analysis given that have been demonstrated that this approach is one of the best tools for the design and evaluation of vaccines before starting the experimental study.
RESEARCH METHOD

Protein sequence retrevial
The protein sequence of Hsp70-2 was retrieved in FASTA format from Uniprot Knowledgebase data, have also used accession Nos. P54652. The ATPase domain (also known as the nucleotide binding domain (NBD) was identified in the same database (http://www.uniprot.org/blast/?about=P54652[2-389]&key=Region).
Optimization of the ATPase domain
Through Jcat server the NBD was optimized (http://www.jcat.de/Start.jsp), this software allows the generation of a codon adaptation by avoiding cloning sites for restriction enzymes and Rho-dependent transcription terminators [24] . Through the Vaxijen server (http://www.ddgpharmfac.net/vaxijen/VaxiJen/VaxiJen.html) I predict the immunogenicity. This is the first server for the independent prediction of antigen alignment, that is, it allows classifying the antigen essentially based on the physicochemical properties of the protein without resorting to the sequence of alignment [25] .
mRNA improved
The nucleotide sequence of the protein was obtained from the Jcat server, and then it was introduced in the webserver Secuence Massager (http://www.attotron.com/cybertory/analysis/seqMassager.htm) to get the RNA sequence and finally the structure. The gene was analyzed by the RNAfold program (http://rna.tbi.univie.ac.at//cgi-bin/RNAWebSuite/RNAfold.cgi).
Secondary and tertiary structure prediction analysis
These analyzes were carried out with the "The Predict Protein server" (https://www.predictprotein.org), which predicts secondary structure elements and solvent accessibility using evolutionary information from multiple sequence alignments and a multi-level system [26] . The 3D structure of the ATPase domain of HSPA2 was executed on the I-TASSER online server (https://zhanglab.ccmb.med.umich.edu/I-TASSER/), this is a hierarchical approach to protein structure and function prediction. It first identifies structural templates from the PDB by multiple threading approach LOMETS, with full-length atomic models constructed by iterative template fragment assembly simulations [27] .
The physico-chemical parameters evaluation
The physico-chemical parameters such as theoretical isoelectric point (pI), molecular weight, total number of positive and negative residues, extinction coefficient, half-life, instability index, aliphatic index, and grand average hydropathy (GRAVY) were computed using the Expasy's ProtParam (http://us.expasy.org/tools/protparam.html).
Prediction of possible transmembrane sequences
Due to the fact that during BC the Hsp70-2 is overexpressed in the plasma membrane, it was necessary to determine if this molecule possesses a specific sequence that facilitates its anchor in this cellular region, for which the complete aminoacidic sequence was upload in the Octopus online server (http://octopus.cbr.su.se/index.php), which uses a novel combination of hidden Markov models and artificial neural networks, and predicts the correct topology for 94% of the a dataset of 124 sequences with known structures [28] .
Prediction of epitopes for B lymphocytes and T lymphocytes.
The amino acid sequence of interest was submitted to online servers to predict continuous and discontinuous epitopes for B lymphocytes, using BCPRED (http://ailab.ist.psu.edu/bcpred/) and Discotope (http://tools.iedb.org/discotope) respectively. The access code for Discotope was obtained through Protein Data Bank: 3i33 (HSP70-2: ATPase domain).
The prediction of epitopes for T cells was performed through CTLpred (http://www.imtech.res.in/raghava/ctlpred/).
Prediction of MHC binding peptides
The prediction of binding peptides to MHC class-I was carried out by applying Propred-I (http://www.imtech.res.in/raghava/propred1/), while the prediction of MHC class-II binding peptides was performed through the online server RANKEP (http://imed.med.ucm.es/Tools/rankpep.html).
Prediction of IgE epitopes and allergic sites
Additionally, using Algpred (www.imtech.res.in/raghava/algpred/) the sites with allergenic potential were predicted.
RESULTS AND ANALYSIS
Optimization of the ATPase domain
To date there have been no studies that indicate that the NBD to be effective in immunization processes. But its over-expression in several BC hystotypes becomes it in an ideal target for the development of immunotherapy. One of the most important steps in designing synthetic genes is codon optimization. Codon bias and CG content was calculated. The codon adaptation index (CAI) was 0.96 and the CG content was reduced from 66.40% to 40.89%, favoring in this way the increase of the mRNA stability of the molecule (Figure 1 ). The antigenic index was 5.2 that allow classifying this molecule as a possible tumor antigen. 
mRNA improved
Expression of proteins is significantly dependent on mRNA secondary structure, which confers beneficial roles such as regulation of gene expression. To perform this analysis, it was essential to use the minimum free energy for secondary structures formed by DNA molecules. The best structure released by RNAfold had a ΔG = -481.32 kcal/mol without formation of loops at the 5'-end.
In addition, this bioinformatics tool allowed visualizing the differences between the crude secondary structure of the RNA of the ATPase domain with respect to the secondary structure improved and thrown by the server using the minimum of free energy (MFE) necessary to reach an adequate folding (Figure 2 ). This Free energy minimizations can elucidates RNA secondary structure because it may aid in the determination of a [29] . The results from mRNA prediction indicated that the mRNA had enough stability for effective translation in the host. Therefore, based on this I can expect to increase the translation rates, half-lives, and transcript number of this molecule in the host. Figure 2 . Prediction of ATPase domain RNA secondary structure by RNAfold, the color scale indicates the probability of base pairing formation (A). Representation of the MFE structure, the thermodynamic ensemble of RNA structures, and the centroid structure. Additionally is present the positional entropy for each position (B).
Secondary and tertiary structure prediction analysis
Three states of secondary structure were predicted: helix (H; includes alpha-, pi-and 3_10-helix), (beta-)strand (E = extended strand in beta-sheet conformation of at least two residues length) and loop (L) (Figure 3 ). Secondary structure is predicted by a system of neural networks with an expected average accuracy of more than 72% [26] . On the other hand, for each target, I-TASSER simulations generate a large ensemble of structural conformations, called decoys. To select the final models, I-TASSER uses the SPICKER program to cluster all the decoys based on the pair-wise structure similarity, and reports up to five models which corresponds to the five largest structure clusters. The confidence of each model is quantitatively measured by Cscore that is calculated based on the significance of threading template alignments and the convergence parameters of the structure assembly simulations. C-score is typically in the range of (-5, 2), where a C-score of a higher value signifies a model with a higher confidence and vice-versa [27] , this was the case of the ATPase domain evaluated with a C-score of 1.50. Also, in these results I-TASSER simulations converge had less than 5 clusters generated indicating that the model has a good quality because of the converged simulations.
The physico-chemical parameters evaluation
The calculated molecular weight and the theoretical pI of the ATPase domain of HSPA2 was 42.4 KD and 6.63 respectively. The extinction coefficient of the molecule at 280 nm measured in water was 19. 035 M/cm. Half-life was estimated to be 1.9 h in mammalian reticulocytes (in vitro), >20 h in yeast (in vivo) and >10 h in Escherichia coli (in vivo). Similarly, the aliphatic index and Grand average of hydropathicity (GRAVY) were obtained: 83.99% and -0.334 respectively. The instability index classified the molecule as stable (instability index: 35.17).
Prediction of possible transmembrane sequences
The evaluation of this parameter did not yield results that indicate the presence of a transmembrane region in the natural conformation, that is, under normal physiological conditions ( Figure 5 ). However, it is presumed that during the beginning and evolution of BC could be induced post-translational modifications, and thus alter the protein conformation by incorporating new elements in their structure enhancing their anchoring to the plasma membrane [10, 22] . Besides, vesicular transport and ubiquitination-transport have been proposed as mechanisms [30] [31] , and they also serve for releasing of exosomes into the extracellular space. Figure 3 . ATPase domain of Hsp70-2: Secondary structure composition an solvent accessibility. Table 1 . States of secondary structure predicted for ATPase domain of Hsp70-2: helix (H; includes alpha-, pi-and 3_10-helix) and (beta-)strand (E = extended strand in beta-sheet conformation of at least two residues length) . State % H %E All-alpha >45 <5 All-beta <5 >45 Alpha-beta >30 >20 in cancer remain controversial because they can promote pro-inflamatory and anti-inflamatory effects depending on cellular origin and type of cancer [31] [32] [33] [34] [35] , for example in BC the Hsp70-2 may aid progress the disease [23] . Figure 5 . ATPasa domain of Hsp70-2: improving topology prediction by two-track ANN-based preference scores and an extended topological grammar using Octopus server.
Prediction of epitopes for T lymphocytes and B lymphocytes.
The prediction of CTL epitopes is represented in Table 2 . The sequential epitopes were analyzed through the online Bcpred server. All 16-mers with Bcepred cutoff score >0.9 in B-cell epitopes were selected (Table 3 ). In addition, the conformational epitopes were chosen based on the following criteria: hydrophilicity, antigenicity, flexibility, accessibility, polarity, and exposed Surface ( Table 4 ). The prediction of conformational epitopes (68), performed with Discotope is shown in Table 5 . The identified epitopes on protein surface could interact easily with antibodies, and they were generally flexible. 
Prediction of MHC binding peptides
Predicted peptides for binding to MHC-I over multiple alleles including MHC-2Kb, MHC-Db, MHC2Dd, MHC-2Kd, MHC-2Kk, and MHC-2Ld were selected and showed in Table 6 . RANKPEP online server was applied to predict binding peptides to class II MHC molecules as shown in Table 7 .
Prediction of IgE epitopes and allergic sites
The protein sequence did not contain experimentally proven IgE epitope. According to the in silico analyses presented above, the physico-chemical parameters evaluation indicates that this region of the Hsp70-2 protein is able to remain for a long period of time in bacterial cells (>10 h) which would be useful for its obtaining and purification in the laboratory. The presence of a high percentage of negatively charged amino acids (Glu and Asp) on the accessible surface and the high flexibility of the evaluated immunogenic epitopes suggests that these can interact with the basic pockets of the union groove of the major histocompatibility complex (MHC) molecules on leukocytes and thus activating immune cells, as B cells and T cells, against the ATPase domain of Hsp70-2. This could improve the attack to the tumor mass through antibodies production and activation of T helper and cytotoxic cells [36] . In this sense, antibodies can serve to promote antibody-dependent cytotoxicity (ADCC) and complement attack, while pro-inflammatory cytokines secretion of T helper cells may aid to establish an acute inflammatory state that favors the antitumoral effects [37] . However, are need in vitro and in vivo studies to check the efficacy and safety of this approach because it is known that in clinical trials a lot of vaccines deviate the "good" immune response to another worse, which has the ability to induce an unresponsiveness state that is promoted by antigenic presentation of the antigen by dendritic cells to T regulatory cells leading to suppress the immune response against cancer [37] . Additionally, the amount of loops and helix in the structure of this protein (Figure 4 and 5) reflects that it can have a wide versatility and, therefore, also variable functions, which will improve the tumor environment favoring its establishment and progression in the patient.
CONCLUSION
The several bioinformatics methods for immunogenicity prediction of the ATPase domain of Hsp70-2 protein demonstrated that epitopes of this region could induce B cell and T cell-mediated immune responses successfully. Therefore, is suggested as a potential candidate for modulation and reduction of tumor mass. As the next steps to complete this study on vaccine development, I recommend in vitro synthesis and in vivo experimental studies to evaluate the efficacy of this potential vaccine.
